Emerging evidence from the preclinical and human research suggests sex differences in responss to different types of stress exposure, and that developmental timing, reproductive status, and biological sex are important factors influencing the degree of HPA activation/function. Here we review data regarding: i) sex differences in behavioral and neural responses to uncontrollable and controllable stressors; ii) distinct trajectories of behavioral development and HPA-axis function in male and female rats following adolescent stress exposure; iii) normative changes in behavior and dopamine function in early postpartum rats; iv) aberrant HPA-axis function and its link to abnormal behaviors in two independent, preclinical mouse models of postpartum depression; and, v) data indicating that gender, in addition to sex, is an important determinant of stress reactivity in humans. Based on these findings, we conclude it will be important for future studies to investigate the short and long-term effects of a wide variety of stressors, how these effects may differ according to developmental timing and in relation to gonadal function, the relationship between aberrant HPA-axis activity during the postpartum and mood disorders, and influences of both sex and gender on stress reactivity in humans.
The forced swim test (FST), although initially developed as a screen for antidepressant 6 efficacy (Porsolt et al., 1977) , constitutes an acute inescapable stressor that can be used to 7 distinguish between active (i.e. swimming, climbing) and passive (i.e. floating) coping responses 8 (de Kloet and Molendijk, 2016) . FST exposure induces a robust activation of the HPA-axis and 9 alterations within stress-responsive brain circuits, and these effects differ between the sexes 10 (Dalla et al., 2008; Dalla et al., 2011) . For example, swim stress increases CORT levels in male 11 and female rats, but females exhibit elevated CORT levels post-FST compared with males 12 (Drossopoulou et al., 2004 ), suggesting heightened stress reactivity. Female Sprague Dawley 13 rats also display greater immobility (i.e. passive) behavior during the FST compared with males 14 (Rincon-Cortes and Grace, 2017), which is consistent with results previously observed in female 15 Wistar rats (Drossopoulou et al., 2004; Dalla et al., 2008) . Recently, it has been shown that 16 forced swim stress has a sex-specific effect on the mesolimbic dopamine (DA) system: it reduces the number of spontaneously active DA neurons (i.e. population activity) within the Importantly, this attenuation of VTA DA activity is comparable to that observed in male and 20 female rats following chronic mild stress (CMS) (Chang and Grace, 2014; Rincon-Cortes and stress, in which females adopt a more passive response, as well as sex-dependent effect of 23 swim stress on VTA population activity in which females are more susceptible to stress-induced 24 DA downregulation. corresponded to the increased immobility during test day (Day 2). These findings show that 10 sexually-divergent coping responses to long-term forced swim are strain dependent and that the 11 mPFC may contribute to sexually dimorphic behavior in long-term forced swim.
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Controllable Stressors
13
A key feature of coping is the perceived or actual behavioral control over some aspect of 14 the adverse event (Maier, 2015) . The degree of behavioral control that an organism has over a 15 stressor is a potent modulator of the stressor's impact. In male rats, uncontrollable stressors 16 (i.e. inescapable shock, IS) produce numerous outcomes that do not occur if the stressor is 17 controllable (i.e. escapable shock, ES) (Maier, 2015) . Controllable stressors can also exert 18 protective effects against future uncontrollable stressors, a process known as behavioral 14 Given that the perception of control during an adverse event (i.e. tail shock) can promote 15 resilience against the effects of future stressors in males, a separate study was conducted to 16 determine whether the lack of ES effects on females extend to behavioral immunization to a 17 future stressor. In females, stressor controllability did not protect against the behavioral effects 18 induced by IS: ES females that were exposed to IS exhibited attenuated social exploration and that are thought to reflect blunted central and hormonal stress reactivity as well as increased 10 depression-like behavior . This is consistent with clinical data suggesting 11 that HPA-axis dysregulation is a key factor in the development of mood and anxiety disorders,
12
which have a higher incidence in women (Altemus, 2006; Parker and Brotchie, 2010) . Adult 13 males exposed to adolescent CVS exposure exhibited increased depressive-like behavior in the
14
FST, but no changes in HPA-axis reactivity to an acute stressor, suggesting a resilient 1 lesbian/bisexual women manifested peak cortisol concentrations late during recovery from the 2 TSST compared with heterosexual women (Juster et al., 2015) . Specifically, peak levels were 3 attained 40 minutes after the TSST rather than the typical peak at 10-20 minutes. In contrast, 4 gay/bisexual men displayed lower overall cortisol concentrations throughout testing as well as 5 specifically 10 and 20 min after stress exposure when compared with heterosexual men, which 6 may suggest HPA-axis downregulation (Juster et al., 2015) . These findings were significant 7 even while adjusting for sex hormones (estradiol to progesterone ratio in women and 8 testosterone in men), age, self-esteem, and disclosure status. These data provide evidence for 9 gender-based modulation of cortisol stress reactivity based on sexual orientation, which can 10 help differentiate between sex-based versus gender-based factors that modulate endocrine 11 stress reactivity and underline the importance of assessing sexual orientation during tests of 12 endocrine stress reactivity in humans.
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To add complexity to the study of stress reactivity in humans, there is also evidence that 14 sex hormones vary according to sexual orientation in women, but also according to stress in which females exhibit adverse effects that are not modulated by stressor controllability as well 5 as distinct patterns of stress-induced neuronal activity and morphology. Since males and female 6 rats exhibit differential effects of stress exposure on cortical (PFC) and midbrain structures 7 (VTA, DRN) implicated in the etiology of mood and anxiety disorders in humans, sex-specific 8 alterations induced by stress within these areas may increase risk for psychiatric disorders that 9 are more prevalent in women (i.e. depression, anxiety, PTSD). Thus, the sex-dependent effects 10 of stress in the structure and function of cortical and midbrain systems may not only reflect 11 enhanced stress sensitivity in females but also serve as underlying mechanism leading to sex-12 biased stress-related disorders. Furthermore, the developmental context in which stressor 13 exposure occurs has important implications for programming later life behavior and brain 14 function. Adolescent chronic stress results in short and long-term changes in the selection of 15 behavioral and HPA responses to stress that vary between the sexes. Importantly,
16
environmental enrichment can confer resilience to the adult neurobiological sequelae induced 17 by adolescent stress, although this effect is sex-specific and seems to be limited to females.
18
This is significant given that: a) mood and anxiety disorders frequently emerge during 19 adolescence and are more common in females; and, b) environmental manipulations are highly 20 beneficial to humans because they provide a safe therapeutic alternative to pharmacological 21 interventions. In females, the postpartum represents a period of marked adaptation of the HPA axis and is characterized by basal hypersecretion and stress-induced hyposecretion of CORT.
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In rodents, these normative hormonal changes are associated with time-limited changes in 
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Mid-adolescence to adulthood + ++ -+ Table 1 Summary of sex differences in corticosterone (CORT) secretion from adolescence to adulthood. Basal levels of CORT are higher in female rodents than in male rodents. Stress-induced increases in CORT levels are greater in female rodents and remain elevated longer than in male rodents.
